Background: Despite the plethora of research examining the physical activity-adiposity relation in youth, questions remain regarding the ideal intensity. Therefore, the purpose of this study was to explore the independent effects of physical activity intensity and incidental movement on total and trunk adiposity. Methods: The sample consisted of 1165 youth aged 8 to 17 years from the 2003-04 U.S. National Health and Nutrition Examination Survey. Physical activity (low, moderate, vigorous intensity) and incidental movement (activity level when not physically active) were measured using Actigraph accelerometers over 7 days. Total body and trunk fat were measured using dual-energy X-ray absorptiometry; age-and sex-specific percentile scores were calculated. Results: Bivariate analyses revealed an inverse relation between total, low, moderate and vigorous intensity physical activity with total body and trunk fat. After consideration of the total volume of physical activity in the multivariate analyses, moderate-to-vigorous intensity physical activity remained significantly related to total and trunk fat. Participants with the highest (top 12.5%) moderate-to-vigorous intensity activity values had total fat percentile scores that were 34 points lower than participants with the lowest (bottom 25%) values. Conclusion: These results are consistent with public health guidelines which recommend that children and youth participate in moderate-to-vigorous intensity physical activity.
Childhood and youth obesity has surpassed epidemic proportions in many countries throughout the world and is a leading public health issue. [1] [2] [3] Physical activity is an integral part of the energy balance equation for maintenance of a healthy body composition. Although both cross-sectional and prospective observational studies provide consistent evidence of an inverse relation between physical activity with total 4-9 and abdominal 9,10 adiposity in youth, the possible influence of physical activity intensity remains unclear.
Some 5, 8 but not all 11 studies in youth, report that the relation between physical activity and adiposity is stronger for vigorous than for moderate intensity activity. Others report a significant relationship between moderate-to-vigorous intensity activity and adiposity after adjusting for total activity level. 9 However, these studies have not considered whether vigorous intensity physical activity confers any benefit above moderate intensity activity. Furthermore, reliance on poor measures of physical activity (eg, self-report) and proxy measures of adiposity (eg, body mass index), especially in population based research, limits researchers' ability to adequately determine the influence of physical activity intensity on adiposity. Examining the possible independent role of activity intensity in relation to obesity is crucial for the development of appropriate physical activity recommendations.
Recently, consideration has been given to the relation between obesity and incidental movement, defined as movement that falls below an intensity that would normally be considered as physical activity (eg, fidgeting, walking around the home). Even within active individuals only a small portion of the day is spent engaging in physical activity, which accounts for only a fraction of total daily energy expenditure. 12 This suggests that, although sporadic and low in intensity, the accumulated effect of incidental movement on energy expenditure could be quite meaningful. Population based studies within adults have found that incidental movement is negatively related to obesity. 13, 14 Only one study 13 has considered the possible influence of physical activity on the relation between incidental movement and adiposity. This study only differentiated between those meeting versus not meeting physical activity recommendations (>250 min/wk), and assessed physical activity through self-report questionnaire. To date no studies have thoroughly examined the potential confounding effect of physical activity in this relation, therefore the effect of incidental movement on adiposity remain speculative. Notwithstanding the lack of the evidence in adults, this relation has not been examined in children and youth.
Despite the abundance of research examining the relation between physical activity and adiposity in children and youth, unanswered questions remain regarding the appropriate intensity of activity required to confer the most benefit. The potential influence of incidental movement on adiposity in young people has not been studied. Therefore, the purpose of this study was to explore the independent effects of physical activity intensity and incidental movement on total and trunk adiposity. This study employed precise and objective measures of both physical activity and adiposity to facilitate precise characterization of the physical activity-adiposity relation. Trunk fat was included since accumulation of fat in the abdominal region has been linked to an elevation in cardiovascular disease risk factors independent of total fat. 15, 16 
Methods

Study Sample
The study sample consisted of participants from the 2003 to 2004 National Health and Nutrition Examination Surveys (NHANES). NHANES is a representative, cross-sectional survey of the U.S. population. 17 NHANES participants were identified using a complex, stratified, multistage, probability sampling design. 17 The current study included those aged 8 to 17 years who completed both the home and mobile exam center components of the survey required for the analysis. Informed consent was obtained from all the parents and participants, and the protocol was approved by the National Center for Health Statistics. The secondary analysis presented here was approved by the Queen's University Health Sciences Research Ethics Board.
Physical Activity and Incidental Movement
Physical activity and incidental movement were measured using Actigraph 7124 activity monitors (Actigraph, Ft. Walton Beach, FL). Activity monitors objectively measure the duration and intensity of movement under free-living conditions. 18, 19 Monitors were provided to participants during the mobile exam center exam, were programmed to start recording at midnight of the day following the exam, recording activity for the following 7 days. Participants were instructed to wear the monitor during waking hours except when it would get wet. Monitors were attached to elasticized fabric belts and worn on the right hip.
The Actigraph is a uniaxial monitor that measures the intensity of movement averaged over 1 minute sampling epochs. Data from each monitor was downloaded by the Centers for Disease Control and Prevention and checked for spurious data (eg, biologically implausible values), which were subsequently removed. We did not remove additional spurious data; however, further data reduction was completed by the authors before analyses were performed. Specifically, the current study only included participants with at least 4 days of complete monitoring, including at least 1 weekend day. Four days of monitoring has a test-retest reliability of 0.7. 18 A day was considered complete if it included at least 10 hours of wear time. 18 Wear time was determined by filtering activity monitor data and deleting sections of more than 20 minutes of 0 counts indicating nonwear time. 20 There is considerable discrepancy in the literature concerning the accelerometry thresholds that should be used to classify physical activity intensity, and they often vary by age and gender. 21 The thresholds used in this study were selected based on available evidence. Thresholds of 2000 (walking ~4.0 km/h; ~3.0 METs), 3000 (walking ~5.6 km/h; ~3.8 METs), and 5200 (running ~8 km/h; ~6 METs) counts per minute were used to denote those minutes where the participants were engaged in physical activity of at least a low, moderate, and vigorous intensity, respectively. [21] [22] [23] Similar thresholds have been used for males and females 10, 23 and in youth ranging in age from 6 to 16 years. 23 For each participant, the minutes of physical activity at each intensity were summed, and then averaged over the number of days with available measures. Total activity was the sum of low, moderate, and vigorous activity. Moderate-to-vigorous activity was the sum of moderate and vigorous intensity activity. Incidental movement was measured as the mean counts per minute for all minutes below the low intensity physical activity threshold (activity <2000 counts per minute; ≤1.5 METs). Thus, incidental movement was a measure of the amount of light activities performed while not participating in physical activity of at least a low intensity. Z-scores for incidental movement were calculated. Participants were grouped into quartiles for each of the physical activity and incidental movement variables. The upper quartiles were further divided into 2 groups (low and high) due to the wide range in physical activity values.
Total and Trunk Fat
Dual energy X-ray absorptiometry (DXA) scans (Hologic QDR 4500A, Hologic Inc., Bedford, MA) were performed as an objective measure of body composition. Total and trunk fat percent were the primary outcome measures. The trunk included the gluteal and abdominal regions, as provided in the NHANES dataset (the investigators were not able to modify the regions of interest). Age and sex adjusted z-scores were calculated for the 2 fat measures (log transformed to follow normal distribution), and then converted into percentile scores. The use of DXA for assessment of body composition in children and youth has been cross-calibrated in pig carcass models within the pediatric weight range (Pearson r ≥ .98 between body fat measured by DXA and chemical analyses of pig carcasses). 24 
Covariates
Covariates included sex, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and other), the poverty-to-income ratio (a measure of socioeconomic status), and total caloric intake. For caloric intake, participants were queried and reported on type and amount of food and beverages consumed during the 24 hours before their examination. Dietary recall results were used to estimate total daily caloric intake. Validation studies with doubly labeled water have shown this recall method to be within 2% of actual energy intake. 25 
Statistical Analysis
Analyses were performed using Intercooled Stata 7 (Stata Corporation, College Station, TX, USA) to account for the complex design (strata, probability sampling units) and sample weight of the NHANES survey. Pearson partial correlations were used to examine the relationship between low, moderate, and vigorous intensity physical activity and incidental movement. A square root transformation was used for all of the physical activity measures to convert them into normally distributed variables for the correlation analysis because none were normally distributed. A series of linear regression models were used to explore the relation between the physical activity measures and incidental movement with total and trunk fat. Initially, bivariate analyses were performed including each of the physical activity and incidental movement variables in separate models. Then, a series of multivariate models were run that included 2 or more of the physical activity and incidental movement variables. The multivariate modeling strategy was designed to facilitate public health recommendations for physical activity and determined whether higher intensities of physical activity were related to the adiposity measures after controlling for the sum of the physical activity measures. Thus, if the higher intensity activities were not independently associated, it would suggest the recommendations could focus on the volume of activity. Conversely, if the higher intensity activities were associated with adiposity beyond the total volume, it would suggest that recommendations need to include a component on the intensity of the activity. The initial multivariate model (model 1) included quartiles of total physical activity and quintiles of moderate-to-vigorous intensity physical activity to determine if moderate-to-vigorous physical activity was associated with the adiposity measures after controlling for the total volume. In model 2 vigorous physical activity was added in addition to the variables included in model 1. In model 3 incidental movement was added in addition to the variables included in model 2. Age, sex, ethnicity, the poverty-to-income ratio, and total caloric intake were included as covariates in all multivariate regression models. The trend of the associations across categories of physical activity was tested by repeating the analysis after including the variable indicating physical activity group as a continuous variable (P-trend). All models were tested to ensure multicollinearity was not an issue by examining the variance inflation factors and tolerance values of the parameter estimates. The multicollinearity analysis was completed in SAS version 9.1 (SAS Institute, Cary, North Carolina).
Results
The final sample included 1165 participants aged 8 to 17 years with complete measures of physical activity, adiposity, and covariates. 1200 were excluded because of missing data. Demographic characteristics of participants are presented in Table 1 . In general, participants were physically inactive with only 6.9% participating in the daily recommended 60 minutes of moderate-tovigorous intensity physical activity 26 with 69.0% accumulating 30 minutes/day or less. Most (62.6%) of the participants accumulated 5 or fewer minutes of vigorous intensity physical activity per day. Incidental movement, low intensity, moderate intensity, and vigorous intensity physical activity were all significantly correlated with each other (Table 2 ). Additional descriptive information on the physical activity variables is contained within Table 3 .
The bivariate analyses results revealed significant inverse dose-response relations between low, moderate, and vigorous intensity activity with total fat and trunk fat (Table 3) , whereby individuals participating in higher physical activity categories had lower total fat and truck fat percentile scores. The β coefficients presented in Table  3 represent the estimated differences in body fat percentile scores between quintiles 2 to 4 with quintile 1. For instance, holding all covariates constant, a participant in the highest total physical activity category was estimated to have a total fat that was 25.6 percentile units lower than a participant in the lowest total physical activity category. Incidental movement was not related to total or trunk fat in the bivariate analysis (Table 3) .
In the multivariate analyses, performed to reveal the independent relations, after controlling for total physical activity (low + moderate + vigorous intensity), moderateto-vigorous intensity physical activity remained significantly related to total fat (Model 1, Table 4 ) and trunk fat (Model 1, Table 5 ). This effect is further illustrated in Figure 1 . After controlling for total activity and the volume of moderate-to-vigorous physical activity, vigorous intensity physical activity was not significantly related to total fat (Model 2, Table 4 ) or trunk fat (Model 2, Table 5) . Surprisingly, individuals in the highest incidental movement quartile were significantly more likely to have high total fat (Model 3, Table 4 ) and high trunk fat (Model 3, Table 5 ) after adjustment for the other physical activity measures. When the analyses for total fat mass percentile (Tables 3 to 5) were repeated using percent body fat percentile, the results were comparable (data not shown). Abbreviations: PA, physical activity.
Note. All correlations were significant (P < .0001). Correlations adjusted for sex, age, race/ethnicity, caloric intake (kcal/d), and the poverty-toincome ratio.
Discussion
Within this large and diverse sample of youth, the relation between activity and adiposity was driven in large measure by the volume of moderate-to-vigorous intensity physical activity. In opposition to what has been suggested in the adult obesity literature, incidental movement was not negatively related to total or trunk fat. Similar observations were made for the total fat and trunk fat measures, which is not surprising considering that trunk fat accounted for ~40% of total fat. Our finding that moderate-to-vigorous intensity physical activity was associated with adiposity independent of the total volume of physical activity is in agreement with previous observations from both crosssectional 9 and intervention studies. [27] [28] [29] Within our study, the volume of moderate-to-vigorous intensity physical activity was related to adiposity in a dose-response manner such that the most active had the lowest adiposity. Within the most active group (top 12.5%) the amount of moderate-to-vigorous intensity physical activity ranged from 50 to 142 minutes per day. Similarly, in a study of 5000 youth, Ness and colleagues 9 reported that when objectively measured total and moderate-to-vigorous activity were included in the same regression model, total activity was not related to body fat measures while moderate-to-vigorous activity remained a strong independent predictor. Together, these findings are consistent with the recommendations of several organizations and countries 26, 30, 31 that promote moderate-to-vigorous intensity physical activity.
After taking into consideration the volume of moderate-to-vigorous intensity physical activity, vigorous intensity physical activity per se did not explain Note. Standard error (s.e.) of the parameter estimate. Ranges are minutes per day for physical activity, and mean counts per minute for incidental movement.
*P < .05, **P < .01, ***P < .001.
any additional variance in total or trunk fat. Thus, while engaging in physical activity of at a least a moderate intensity was important, no significant benefit was gained with vigorous intensity activity. This is an important observation given that many youngsters find it difficult and/or uncomfortable to participate in a high level of vigorous intensity activity, which could negatively impact compliance. 27, 32 Similarly, Gutin and colleagues reported that a vigorous intensity physical activity program did not produce more favorable changes in adiposity than a moderate intensity physical activity program in obese 13 to 16 year-olds when the 2 programs were matched for total energy expenditure. 27 Contrary to our findings and those of Gutin and colleagues, 27 others report that vigorous, but not moderate, intensity physical activity is related to adiposity in children and youth. [5] [6] [7] [8] This discrepancy in findings may reflect differences in the statistical analyses approaches employed. The multivariate analyses used in our study was designed to determine whether higher intensities 
Note. Standard error (s.e.) of the parameter estimate. All models adjusted for sex, age, race/ethnicity, caloric intake (kcal/d), and the poverty-to-income ratio. Model 1 also includes total physical activity as a covariate. Model 2 includes all variables in Model 1 plus moderate-to-vigorous physical activity. Model 3 includes all variables from Model 2 as well as vigorous intensity physical activity. P-trend analysis examined the relation between fat percentile score across physical activity categories. *P < .05, **P < .01, ***P < .001.
of physical activity associated with adiposity beyond the sum of all physical activity measures. Conversely, these earlier studies included the volume of each specific physical activity intensity in their multivariate models. Thus, while vigorous intensity activity may have been a stronger adiposity predictor than moderate intensity activity in these studies, the difference in the predictive ability of these 2 physical activity intensities may have been small and clinically insignificant. To our knowledge this is the first study to consider the influence of incidental movement on adiposity in children and youth. Within our study participants, only 6.2% of the time they were awake was spent engaging in physical activity, with the remaining 93.8% representing sedentary time where incidental movement was accumulated. Nonetheless, in general incidental movement was not negatively related to total or trunk fat. This finding was unexpected given the large body of evidence demonstrating an independent relation between sedentary behaviors, primarily in the form of television viewing, and obesity in youth 3, [33] [34] [35] Our finding supports the hypothesis that increased caloric consumption during television is driving the relation between television and obesity rather than a decrease in energy expenditure. 36 This is further supported by the findings from several studies noting a poor relation between the volume of screen time and physical activity. 37,38 That we did not find an inverse relation between incidental movement and adiposity in the large sample of youth examined is inconsistent with previous observations in adults. 13, 14 One study reported Note. Standard error (s.e.) of the parameter estimate. All models adjusted for sex, age, race/ethnicity, caloric intake (kcal/d), and the poverty-to-income ratio. Model 1 also includes total physical activity as a covariate. Model 2 includes all variables in Model 1 plus moderate-to-vigorous physical activity. Model 3 includes all variables from Model 2 as well as vigorous intensity physical activity. P-trend analysis examined the relation between fat percentile score across physical activity categories. *P < .05, **P < .01, ***P < .001.
that breaks in sedentary behavior, objectively measured using accelerometers (sedentary behavior was defined as minutes spent <100cpm), decreased the likelihood of having a high waist circumference or body mass index (kg/m 2 ) in a sample (n = 168) of Australian adults aged 30 to 87 years. A second study reported that adults with high levels of leisure time sedentary behavior and low physical activity (measured by self-report questionnaire) were more than 2 times as likely to be overweight (2.26, 1.75-2.92; odds ratio, 95% confidence intervals), in comparison with adults with low leisure time sedentary behavior and participating in more than 250 min/wk of moderate-to-vigorous intensity physical activity. 13 Several important methodological differences may account for the discrepancy in the findings between our pediatric study and the 2 adult studies. Most notably, the current study relied on objective measures of physical activity in a large sample, and considered different intensities of physical activity. The one study in adults 14 relying on objective measures of physical activity only examined the relation between breaks in sedentary behavior and obesity, and not the relation between physical activity and obesity. As well, this study only considered moderateto-vigorous physical activity. Although the other study 13 considered physical activity level of the subjects, it relied on self-report physical activity which is subject to recall bias. The strengths of this study include the use of a large and representative study sample, the use of precise measures of total and trunk adiposity, the use of an objective measure of physical activity, and the modeling approach employed which allowed us to tease apart the independent effects of the different intensities of movement on adiposity. The primary study limitation was the cross-sectional and observational nature, which prevents us from making causal inferences about the relation between physical activity and adiposity. It is not possible to determine whether physical inactivity preceded excess adiposity or whether excess adiposity lead physical inactivity. Although objective in nature, accelerometers are not perfect measures of physical activity, they are unable to capture certain types of physical activity such as swimming and bicycling. 39 A single uniaxial accelerometer placed on the hip is not ideal for capturing all incidental movements (eg, small upper body movements, cycling). Accelerometers are not waterproof and therefore cannot measure water based activities. A shorter sampling epoch (eg, 15 seconds) would likely have more accurately captured the sporadic nature of physical activity in the participants. Abdominal adiposity could not be assessed directly from the DXA measurement, and the trunk fat measure included both abdominal fat and gluteal fat. A limitation of the dietary recall is that individuals are likely to under report food consumption, especially junk food, as this is a socially undesirable behavior. Further research is needed to determine the optimal methods for using accelerometers to measure incidental activity level. Nonetheless, results from the aforementioned adult studies 40 reported similar observations when incidental movement was measured by accelerometers or other techniques.
In conclusion, moderate-to-vigorous intensity physical activity was related to total and trunk adiposity after controlling for the total volume of activity. These results are consistent with public health guidelines for physical activity that recommend children and youth participate in 60 or more minutes of moderate-to-vigorous intensity physical activity on a daily basis. Further studies in children and youth are needed to explore the relation between physical activity intensity and incidental movement with other health outcomes.
